Clearance of Damaged Mitochondria Through PINK1 Stabilization by JNK and ERK MAPK Signaling in Chlorpyrifos-Treated Neuroblastoma Cells.
Mitochondrial quality control and clearance of damaged mitochondria through mitophagy are important cellular activities. Studies have shown that PTEN-induced putative protein kinase 1 (PINK1) and Parkin play central roles in triggering mitophagy; however, little is known regarding the mechanism by which PINK1 modulates mitophagy in response to reactive oxygen species (ROS)-induced stress. In this study, chlorpyrifos (CPF)-induced ROS caused mitochondrial damage and subsequent engulfing of mitochondria in double-membrane autophagic vesicles, indicating that clearance of damaged mitochondria is due to mitophagy. CPF treatment resulted in PINK1 stabilization on the outer mitochondrial membrane and subsequently increased Parkin recruitment from the cytosol to the abnormal mitochondria. We found that PINK1 physically interacts with Parkin in the mitochondria of CPF-treated cells. Furthermore, a knockdown of PINK1 strongly inhibited the LC3-II protein level by blocking Parkin recruitment. This indicates that CPF-induced mitophagy is due to PINK1 stabilization in mitochondria. We observed that PINK1 stabilization was selectively regulated by ROS-mediated c-Jun N-terminal kinase (JNK) and extracellular signal-regulated kinase 1/2 (ERK1/2) signaling activation but not p38 signaling. In the mitochondria of CPF-exposed cells, pretreatment with specific inhibitors of JNK and ERK1/2 significantly decreased PINK1 stabilization and Parkin recruitment and blocked the LC3-II protein level. Specifically, JNK and ERK1/2 inhibition also dramatically blocked the interaction between PINK1 and Parkin. Our results demonstrated that PINK1 regulation plays a critical role in CPF-induced mitophagy. The simple interpretation of these results is that JNK and ERK1/2 signaling regulates PINK1/Parkin-dependent mitophagy in the mitochondria of CPF-treated cells. Overall, this study proposes a novel molecular regulatory mechanism of PINK1 stabilization under CPF exposure.